
SDMS US EPA Region V
Imagery Insert Form

Document ID: II 177750

Some images in this document may be illegible or unavailable in
SDMS. Please see reason(s) indicated below:

Illegible due to bad source documents. Image(s) in SDMS is equivalent to hard copy.

Specify Type of Document(s) / Comments:

HOLES IN TEXT ON FRONT PAGE

Includes ___ COLOR or ___ RESOLUTION variations.
Unless otherwise noted, these pages are available in monochrome. The source document page(s) is more legible than the
images. The original document is available for viewing at the Superfund Records Center.

Specify Type of Document(s) / Comments:

Confidential Business Information (CBI).
This document contains highly sensitive information. Due to confidentiality, materials with such information are not available

in SDMS. You may contact the EPA Superfund Records Manager if you wish to view this document.

Specify Type of Document(s) / Comments:

Unscannable Material:
Oversized __ or __ Format.
Due to certain scanning equipment capability limitations, the document page(s) is not available in SDMS. The original

document is available for viewing at the Superfund Records center.

Specify Type of Document(s) / Comments:

Document is available at the EPA Region 5 Records Center.

Specify Type of Document(s) / Comments:

Rev. 07/10/02

Page 1



FORUM
^00009

Should Ground Water Samples from
Monitoring Wells Be Filtered Before
i aboratory Analysis?

This is the third of four"Point-Counterpoint"article$ planned to appear in this column. These articles ~c ba^ed on
discussion sessio:is held at the Sixth National Aquifer Restoration and Uruund Water Monitoring Confeience A yiief
article outlining each speaker's opinion is offered first, followed by the transcript of the discussion session coring which
attendees have a chance to ask the speakers questions on the subject

Opinion I
by Olin C Braids, Ph.D.

The issue of filtration of ground water samples is
infgral to discussions of proper protocol in ground

• <ampiing. There are those who believe that filtra-
11 to the preparation of a water sample in

o rde; to #:t ,1, c j.. • ative and accurate analysis. There
are others who are '... y convinced that filtration will
<ir l-tenouslv affect the water sample and lead to difficui-
rr^ wuh the data acquired from it.

Each side of this issue has merit because the reasons
for the ground water analysis vary and the objectives in
th" analytical program also differ. There are legitimate
situations in which aground water sample should not be
filtered before it is analyzed for its chemical constituents
Ln the laboratory and there are circumstances dictating
that an accurate analysts is only obtained when filtration
is accomplished. This discussion will address the situa-
tions in which filtration should be included in sample
preparation. "" "— ~

Filtration in this context is filtration through a
045 tfm pore-size membrane,.The same principles also
dpply if the filtration medium is glass fiber or paper.
Frequently, practical limitations of time and sample
characteristics dictate the use of glass fiber or paper as
prefilters before the final membrane step.

In dealing with the subject of filtration, one must
address the water quality parameters that could be
affected either by the act of filtration or by the failure to
fiiier The following characteristics of water are those
mat would be affected by filtration or the lack thereof.

The partial pressure of dissolved gases in water with-
drawn from the aquifer could be affected by the process
of filtration. The relationship of oxygen, carbon dioxide,
anU perhaps other trace gases influences the pH and the
o udatio n-reduct ion potential of the water. In cases where
the partial pressure of a gas such as carbon dioxide is

significantly affected by the added input from dcfompo-
sition or some other process, the chemical characteristics
of water can change when that relationship is disrupted.

The standard protocol of long standing for dissolved
metals is to perform a filtration. Any suspended matter
occurring in water is likely to have metal ions adsorbe-j
on it. If the water is preserved with acid prior to analysis
as the standard protocols call for, the metals are iikHv to
be desorbed from the solids. This would result in <\\-~
sjlved conccnUatioiii of metals being high:." thir. ;r.z:
nally existed.

Iron is frequently found as a constituent of ground
water in concentrations, which result ;n its precipiunon
when the water is exposed to the oxvgen -..-f the atmo-
sphere. Under these conditions the samp1.? v! ground
water should be filtered as rapidly .v possible 10 p:s-.e:u
contact with the air and to remove any suspended mate-
rial prior to the addition of acidic preservatives. If the
sample contains suspended matter and dissolved iron,
addition of the acid prior to filtration may desorb metals
from the suspended matter. If the sample is allowed to be
in contact with air for even a matter of minutes prior to
filtration, the iron may precipitate and co-precipitate or
adsorb metals that were in solution. Acidification of the
sample at this point may redissolvethe iron but may also
bring into solution more of the other metals than were in
solution at the time the sample was collected.

The presence of suspendet. matter in water, wr*re the
water has been in contact with or is contaminated with
very slightly soluble organic compounds pc^fc a problem
similar to ttarofthe metals. Slightly soluble compcu-.cs
sucb ••' Pi.Kv polynuclear aromatic hydiocarnon-.
ph ,ai«,, nteX and many pesticides are in this class It
ar. •-••ifiltcred sample is extracted with organic luivent

(nalyzed, the compounds will decorb and appear«
ii ..-.ty were in solution.

Radioactive gases such as radon could be affected by
filtration because of the pressure change across the fiiua-



tion medium. There are methods to be discussed later
thai can eliminate or minimize losses of gases or volatile
compounds in water during the filtration procedure.

Many radioisotopes that may be included in ground
water analyses are isotopes of metals that would be
associated with the suspended solids in a water sample.
The fact that these elements are radioactive does not
influence their chemical behavior. Thus, acidic preserva-
tion of the water prior to filtration would result in their
desorption from suspended solids.

Volatile organic compounds may be lost in the process
of filtration if the water is exposed to the atmosphere or if
the filtration occurs with a pressure change across the
membrane caused by a vacuum. Most volatile organic
compounds listed in the volatile category of the priority
pollutants have low to moderate affinity for the solid
substrate. Thus, water samples for the volatile analysis
are frequently not filtered because the recovery by purging
in the presence of suspended matter can be shown to be
quantitative. Filtration of water in this context requires a
filter placed in the water discharge line. Less desirably,
water may be filtered as soon as possible after collection
by another means of filtration. As noted, delaying filtra-
tion may complicate the acquisition of reliable data if the
water has an appreciable iron concentration.

The issue of filtration of ground water ia raised

because many limes water collected from mc.v>or..:g
wells carries suspended matter as a result of the netuic of
the sediment or construction o»" the well. Production
wells used for drinking purposes or for other high volume
uses are usually constructed to tap a reasonably prolific
aquifer and to produce water with good clarity. In con-
trast, monitoring wells are sometimes screened in :i'ity or
clayey zones and samples may have substantial amounts
of fine sediment. The amount of suspended matter is an
artifact of the method of watet collection and well con-
struction and is not reproducible through time. Any
influence the sediment may have on the results of the
chemical analysis must be looked on as biasing the
sample.

This discussion is based on the premise that the
ground water in question is produced from an ̂ consol-
idated aquifer or a crystalline rock aquifer. In some
locations wheresolution-cavitied aquifers are monitored,
the aquifer water may be carrying sediment. In the former
cases, the assumption is that sediment is not being carried
in suspension.

OBn C Braids, Ph J>.f is with Geraf toy & Milter fnc.,

Opinion II
by Robert M. Burger

Chemical analysis of ground water b becoming
increasingly important with the emphasis being placed
on its validity and accuracy. Analytical data from ground
water samples are being used to determine regulatory
compliance, contamination assessment, and waste dis-
posal impacts. The use of this data can also result in a
significant financial burden for the site owner if the
analysis indicates degradation of the ground water above
the regulatory guidelines. For this reason, it has become
apparent that field sampling protocol minimize sample
degradation or alteration. Analytical data from the
laboratory of ground water can only be termed represen-
tative and valid if the sampler utilizes the necessary pro-
tocols and procedures for monitoring the in situ charac-
teristics at the time of collection. Field filtration is one
alteration that can «*«ititain those characteristics and
remove man-made interferences caused by the-monitor-
ing well installation. Fidd filtration is performed by
forcing the sample through a filter paper, coUetting the
filtrate and preserving ft for the appropriate ^hemical
analysis. The filtrate is usually termed the dissolved or
soluble fraction of the ground water. The mean pore
diameter of the filter paper has received much discussion
(Qaassen 1982, Demayo 1978, Gibb 1981) with respect to
the appropriate size for ground water samples. The con-
sensus is that a 0.45 micron filter paper will remove the
majority of suspended particles while not removing dis-
solved or colloidal material inherent in ground water.
Along with appropriate pore size, discussion has taken

place regarding the different types of filtration apparatus
and their relative merits (Gaassen 1982, Unwin 1982).
Pressure filtration with inert gas or in-line filtration
without sample contact with the atmosphere appears to
be preferred methods. Another method commonly used
is with a vacuum source and filter flask; pulling the
sample through the filter paper. Regardless of the method
or type of equipment, there appears to be general agree-
ment that field filtration is a positive alteration of the
sample before chemical analysis.

Field filtration can be viewed as a positive alteration
of ground water samples when you consider that most
ground water that is moving through soils are of low
velocity and thereby not capable of carrying paniculate
matter. Monitoring wells placed in silts and clays are
unusually difficult to develop and upon sample purging
can create hydraulic gradients capable of carrying par-
ticulate matter into the well. These soil panicles, if noc
removed before preservation and analysis, can produce
high concentrations of organic ant norgank analytes
within the sample.

These chemical analytes that are bound to the soil
particles that find their way into the monitoring well can
and will produce substantial variations within the ground
water sample. These variations can be correlated to the
level of turbidity or suspended solids within the samples
(Strausberg 1983). If the data is being used for regulatory
purposes the impact of the sampler's capability of pro-
ducing turbid-free samples becomes crucial With the
increase in long-term compliance monitoring, the varia-
bility of sample collection with different personnel and
equipment increases the probability of chemical vari-



abity.
Regardless of the type of well installation, sampling

procedures, or type of equipment used, samples that are
field-filtered should provide a consistent and representa-
tive chemical analysis of the ground water.

This viewpoint presents the results of ongoing work
to evaluate the effectiveness of field filtration on labora-
tory analysis of ground water. The data strongly suggests
that field filtration be performed at most sites regardless
cf geology and that field filtration reduces the fluctuations
in many of the analysis due to turbidity levels.
Data Collection
Sources

Analytical data is presented and reviewed for 20
monitoring wells from five sites located in northern New
England. All of the monitoring wells are currently being
used and sampled for assessment of waste disposal
impacts or contamination migrating at municipal or
industrial waste disposal sites.

Monitoring weUs were chosen at each site for their
adequacy of both filtered and unfiltered chemical analy-
sis, along with minimal impacts from waste sources or
well construction. The wells are screened in a variety of
geologic formations, from marine silts and clays to bed-
rock. Sample collection, filtration and preservation
procedures were reviewed for protocol variations, as well
as analytical methodology.
Data Review

The data presented here is in graphical form. Each
graph is a comparison of the average total concentration
to the average dissolved concentration for a particular
parameter. The samples were initially not filtered tod
reported as total concentrations over a period of three to
five years and subsequent sampling from these same
wells had filtration performed over a three* to four-year
period. All of the samples were collected by the same
personnel using the same equipment and were analyzed
by the same laboratory. The analytical precision and
accuracy of the methods employed for the analysis were
taken into account when assessing the dissolved vs. total
concentrations for each parameter.
Site ST-V and ST-A

Sites ST-V and A are paper mill sludge disposal
landfills and eight monitoring weDs are reviewed from
both sites. Figure 1 shows the comparison of total vs.
dissolved iron at Site ST-V, the older of the two sites.
Wells IV and 2V are overburden wells screened in clays
and show a high total iron concentration relative to the
dissolved concentration. Wells 100V, 101V, 102V and
103V at the same site are bedrock wells with a corre-
spondingly lower ratio of total to dissolved iron. Figure 2
shows the comparison of total vs. dissolved zinc at site
ST-V. Again, wells IV and 2V have the higher ratios of
total to dissolved, although a much closer ratio than the
iron analysis. On both graphs MW-101V have total and
dissolved concentrations of iron and zinc that are very
similar. An analysis of all the chemical data along with a
review of the site hydrogeology Indicates that waste
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source contamination may be appearing in this *Cii.
Figures 3 and 4 show the comparison of total vs. dissolved
iron and zinc for site ST-A. Wells 6, 17A and 20A are
screened in the overburden and again have the higher
ratio of total to dissolved concentrations. Wells 17, 17B,
208 and 20 are the bedrock wells and have a lower ratio
similar to site ST-V.

It is apparent that the wells in the overburden material
have significantly large differences between the total and
dissolved state, especially iron. Iron is an especially diffi-
cult parameter for assessing filtration effectiveness since
other changes in ground water chemistry also affect iron.
Oxidation can cause soluble iron to convert to an insolu-
ble form rather quickly (Unwin 1982) and pH and
temperature also play an important role in the dissolved
concentration of iron. Other metals, although more
resistant to oxidation or conversion, can coprecipitate
with the insoluble iron. This may cause lower dissolved
concentrations of these elements since filtration of the
iron precipitates will remove them also.
Site ROC

Site ROC is a municipal landfill and three bedrock
monitoring wells are compared for total vs. dissolved
iron, sulfate and hardness, Figures 5, 6 and 7. As it the
previous site, the bedrock wells don't have the dramatic
variation between total and dissolved constituents as
have the overburden wells. The wells at this site are
screened approximately 150 to 250 feet in bedrock. The
bedrock is a limestone and as such, flow through this
geologic material may be predominantly through solution
channels. This is a situation where filtration may not be
appropriate for assessment of contaminant migration
since the small amounts of suspended solids obtained
with the sample may in fact be inherent in the ground
water.

To assess the effect filtration has on the monitoring
wells, domestic wells located nearby In the bedrock were
compared analytically to the monitoring weD data.
Approximately 15 domestic wells are sampled on an
annual basis and the analysis performed is for total
constituents. A comparison of this data with the moni-
toring well data indicates that the total concentrations of
iron, hardness and sulfate in the domestic wells are in
relatively close agreement with the dissolved data from
the monitoring wefls.

A comparison of the average concentrations from the
domestic wells and the monitoring wefls are as follows:
_____ Averate Coacamrarion • ntt/L _____

Iron
Hwdnot
Suite

J21
146
4S.33

.099
33
1S.M

JS3
71*
2147

A possible reason for the higher concentrations of
total iron, sulfate and hardness in the monitoring wells
is the infrequent pumping and possible weQ installation
interferences such as rock patticks remaining in
fractures.
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Site B is a paper mill sludge disposal site and the

three monitoring wells reviewed are used to assess
leachate impact on ground water from the sludge and
a leachate pond. AH three wells are screened within the
overburden, mainly days and silty sands. Figure S
shows the relationship between total and dissolved
iron for the three wells. With the exception of MW-
209, the total concentrations are significantly higher.
Of the two weDs shown in Figure 9 and 10 the dissolved
concentrations of magnesium and zinc are significantly
lower in MW-212 with MW-209 having slightly less of
an impact. Both MW-212 and 209 are downgradient



dissolved conc:r.:ra:ions of i ron and magnesium may
be the result of source contamination in the ground
water and not a result of the sediment or soil contribu-
tion of these two elements. One positive aspect of field
filtration is the ability to screen or remove variables
during ground water data assessments. Prior to filtra-
tion, chemical analysis of MW-209 was erratic and
conclusions were not easily drawn on whether source
contamination or sediment load were responsible.
Site AU

The last site reviewed is actually a case study or
investigation of the causes for highly erratic and vari-
able chemical data from monitoring wells located at a
municipal landfill. The client had analytical data from
his monitoring wells that was highly variable and had
some values above the primary and secondary drinking
water standards. An investigation of the analytical
data and the field protocols used to collect the samples
revealed the following:
• The monitoring wells were not being purged prior to

sampling.
• The samples were not field-filtered.
• Samples were prepared for analysis using different

protocols as follows:
Event I—Samples were not refrigerated followed by

nitric acid addition. The sample was shaken and then
filtered through a 0.45 micron filter. The filter was
analyzed.

Event 2—Samples were refrigerated and preserved with
nitric acid. The sample was shaken and digested fol-
lowed by filtration through a 0.43 micron filter The
filtrate was analyzed.

Event 3—Samples were refrigerated and preserved with
nitric acid. The supernatant was decanted, digested
and then filtered through a 0.45 micron filter followed
by analysis.

Event 4—Samples were field-filtered, preserved with nit-
ric acid except for chloride and refrigerated. They
were then digested and analyzed.
A data comparison was made and found to be signif-

icantly different for many of the parameters. Figures II
though 15 shows a comparison of five parameters forfive
wells based upon the event and type of field protocol
followed. From the graph* it can be seen that field filtra-
tion significantly reduced the parameter concentrations
on most of the weQs. It is obvious that not field-filtering
together with digestion of the sediment load created an
abnormally high iron content indicative of thesofl content
rather than of the ground water. Figures 12,13,14 and 15
show very similar decreases of copper, iron, lead and zinc
much like chloride. Some of the wells that had high
turbidity levels also proved to have the largest differences
between the total and dissolved concentrations. Again,
this situation appears to be typical of wells in low per-
meability formations and the inherent mineral and there-
fore chemical constituents of the soil become included in
the ground water analytical data when the samples are
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not filtered.

Conclusions.
Based upon the data collected and reviewed from the

20 monitoring wells the following conclusions have been
reached:
• Dissolved concentrations of chemical analytes are

significantly lower than the total concentrations for
the same well

• The impact filtration has on chemical concentrations
will vary depending upon the geology of the well.

• Monitoring wells are not always installed in geologic
material that permits turbid-free water to be collected.
if chemical analysis from these wells are to be used in
contaminant or hydrogeologic assessments, field fil-
tration is required to remove the soil or rock particles
not inherent in the ground water.

• Adequate assessment of ground water data having
temporal and spatial variations need consistent sam-
pling and analytical protocols performed. Field filtra-
tion will provide the same quality filtrate for chemical
analysis negating inconsistent sampling protocols.
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Opinion III
by John J. Trela. Ph.D.

The objective of any ground water sampling protocol
15 to obtain a representative sample of ground water.

In practice, this objective is, or should be, controlled
by the purpose of the sampling. In selecting a methodol-
ogy it is critical to have prior knowledge of the context in
which the sampling results will be utilized. Will the results
be used in a regulatory compliance program for ground
water, will they be used to establish background aquifer
quality, or will they be used to address potability? In any
case, is the ground water in the area used raw (i.e.,
private, individual wells) or is U treated prior to distribu-
tion and use? The answers to these questions are signifi-
cant since they extend beyond a theoretical view of scien-
tific "accuracy" into the realm of practical significance.
Theoretical Considerations

There is a single key issue to be examined when
deciding whether or not to filter a ground water sample
before analysis. What are these "things" that are being
filtered out and to what extent does their removal affect
the ground water quality analysis that is obtained? In this
sense, an effect can be either positive or negative, but in
either case the sample results do not represent the quality
of the ground water as it existed in the aquifer.

Effects such as these that alter the "true value" of a
parameter in a sample to some "other value" must be
recognized and effectively dealt with to achieve the basic
purpose and objectives of a sampling program.

Most often, these effects are generated by the process
of well sampling itself. They fall into two broad catego-
ries—physical and chemical.

Physical effects most often are the result of contami-
nation of the water sample with silt or day panicles from
the aquifer matrix. These effects are the product of the
sampling process itself (pumping, bailing, etc.), which
produce turbulent flow immediately adjacent to the well
screen. Turbid ground water samples are obtained from
poorly or improperly developed or constructed monitor-
ing wells. Additionally, a turbid sample may be produced
from properly constructed and developed weBs that are
pumped or purged at rates in excess of their yield. This is
especially true if the geologic formation is excessively
silty, a condition which characterizes many of our aqui-
fers with marginal yields. It is also s common situation at
industrial or landfill sites because of local conditions
and/or poorly developed ground water sampling wells.
Our sampling objective is to obtain a representative sam-
ple of ground water, what we actually obtain is a water
sample that is mixed with a sample of the soil or sediment
that comprises the aquifer. This presents a significant
problem since we know that this soil or sediment is not
inert This will be dealt with subsequently.

Chemical effects are produced when the water sample
itself reacts to the change in chemical environment pro-
duced by removing the ground water from the aquifer
and exposing it to the air. The most graphic example of
this type of reaction is the formation of the frequently

observed orange iron precipitate or "floe" in the sample
bottle after it is exposed to the air. Depending on circum-
stances, significant amounts of flocculatioo may occur in
a matter of a few seconds. In general, most chemical
changes are the result of aeration of the sample, which
causes radical shifts in dissolved gases such as oxygen or
carbon dioxide in the water sample. Such reactions pre-
sent two basic problems. First, the addition or loss of
gases shifts chemical equilibria within the sample. This
shift changes the solubility of ionic species in solution
and may cause a precipitation reaction to occur. This
reaction may directly or indirectly affect the concentra-
tion of other dissolved species in the sample which are
not reactants involved in forming the precipitate. Simply,
precipitates are rarely pure in the chemical sense. This
fact is well-recognized by chemists and there is a long
string of chemical terms (coprecipitation, solid solution,
adsorption, occlusion, postprecipitation). which are
employed to describe the various mechanisms that result
in the formation of impure precipitates (Flaschka, « al.
1969).

A good example of this problem involves iron and
calcium, two elements commonly found in ground water.
An acid ground water (pH 5.5) containing calcium (Ca*2)
and iron (Fe*1) in solution* is sampled. The sample is
exposed to the air and the iron is oxidized (Fe*—Fe° + e).
Since ferric iron (Fe*J) b much less soluble than ferrous
iron (Fe*2) the ferric iron precipitates as orange ferric
hydrous oxide-precipitate. The calcium in solution is
partially coprecipitated when the iron is precipitated.
The amount of calcium in solution is decreased even
though under the same conditions, in the absence of iron,
all the calcium in solution will remain in solution. Second,
with the formation of the precipitate we have a solid in
contact with the sample that can react with the liquid to
decrease the concentration of other ions in solution by
cation or anion exchange, absorption, or postprecipita-
tion reactions. Adsorption of both cations and anions
from solution by iron oxides is well-documented in the
technical literature. For example, a single review article
on iron oxides (Schwenmann and Taylor 1977) identified
13 separate research investigations that showed adsorp-
tion of phosphate, molybdate, silicate, sulfate, berate,
copper, lead, calcium and zinc ions from solution by iron
oxides.

The reaction between the solid and liquid phases in
the ground water sample can be pronounced in the case
where silt and/or day panicles have been withdrawn
from the aquifer with the water. In some cases, depending
on the mineralogy of the silt and clay panicles these
changes can significantly alter the content of species in
solution by cation and anion exchange reactions or
absorption. The nature and behavior of these reactions
are discussed elsewhere (van CMphen 1966, Cast 1977) in
greater detail than is possible here.

We cannot assume that the water and the silt come
from the same place and must be in equilibrium. To the
contrary, we must assume that they are not in equilibrium
since we have altered the chemical environment of the
water by removing it from the aquifer, exposing tt to the
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The reaction between solid phases (precipitates or

clay in suspension) and the solution phase (ground water
sample) can be profound. The reactions between the
solid and liquid phases in natural systems (soils, ground
waters) are largely defined by redox reactions and pH as
they affect solubility and exchange reactions. The interre-
lationships, although exceedingly complex, are dealt with
in a quite elegant manner in the work of Lindsay (1979).
However, even this work has significant limitations since
it deals with a limited number of ionic species and does

' not simultaneously address the number of chemical spe-
cies commonly found in ground water and their syner-
gisms or antagonisms.
Practical Considerations

The foregoing theoretical discussion leads to the fol-
lowing practical problem statements. Unfiltered ground
water samples are acidified before analysts and substances
not in solution can be placed into solution thereby falsely
elevating their concentration in the sampk. Yet, the filter-
ing of ground water samples can remove substances that
were in solution but have precipitated since sampling,
thereby falsely depressing their concentration b the
sampk. At first glance these statements seem to present
an insoluble problem. However, there is a solution.

At the first level we should be assured that we are
dealing with a legitimate sampling problem and not a
problem that is the result of a poorly constructed well.
When excessively turbid samples are produced due to a
poorly constructed or improperly developed well, the
real solution b to rehabilitate or replace the well, not to
filter the sampk. The technical integrity of the weD dic-
tates the technical integrity of the sampk. If the well was
not properly constructed or developed, why should we
assume the well was screened at the proper interval?
Filtering b only pan of a much larger substantive issue of
the value or utility of the well itself. To overcome these
problems we have required "as-built" construction certi-
fications for ground water monitoring welb in our ground
water regulatory program. In the regulatory program we
also specify construction requirements and performance
standards for monitoring wells. Monitoring wells are
expected to be abk to yield at kast one to two gallons per
minute of turbid4ree water. This is done in full recogni-
tion of the fact that these are certain geologic circum-
stances where this performance standard may not be
readily attainable. In these cases it b expected that the
well drillers* art be practiced at the level necessary to
obtain the best results possible. In other cases where the
well begins to deliver turbid water after yean of use the
correct solution b to rehabilitate or replace the well and
not to filter the sampk. Placing this issue behind us we
can effectively deal with those kgitimate cases where
precipitates or turbidity are real problems.

In certain geologic circumstances where turbidity
occurs it can be minimized, and in some cases eliminated,
by employing well casing evacuation protocols which
minimize turbulent disturbance (low rate peristaltic or
bladder pumping, bailing) over those that create excessive
turbulence (high-rate centrifugal pumping). However,

there are drcu .Trances where :urbid samples art u
abi-

In the practical sense, the timing of filtering is the key
consideration in these cases. We have encountered a
variety of sampling procedures. Sometimes samples are
acidified and then filtered in the field. Sometimes they are
field-filtered then acidified. On other occasions sample?
are acidified and filtered in the laboratory hour; to days
after they are collected.This variety of procedures reflects
the general confusion regarding this issue. In our opinion
a superior methodology includes an in-line filtration
which is conducted at the time of sampling. In other
cases, commonly used procedures which provide fcr
acidification prior to filtering will yield metals analvsis
which represents the sum of dissolved and exchangeable
cations.

The key issues in deciding on acceptable protocols is
the context of use of the analytical results. For example,
is it realistic to filter samples from ground water monitor-
ing wells in a region where residential use of ground
water is from individual wells which are unfiltered and
untreated? dearly not, because the individuals using the
aquifer are drinking unfiltered water. Similarly, does it
make sense to filter a turbid sampk collected from one of
the five monitoring wells that are used to determine a
facility1) compliance under a state discharge permit pro-
gram or RCRA while not filtering the remaining four
weOs because they are not turbid?

The simple technical solution to this problem b to
split the sample and analyze both a filtered and an unfil-
tered subsample. Practically, however, these results in a
doubling of analytical costs in all cases. In order to
reasonably justify the use of split samples, which are
analyzed in the filtered and unfiltered states, we must
again place the samples in the appropriate case context.

If the purpose of sampling is to assess potability of
untreated ground water, two samples can be collected.
However, only the unfiltered sample needs to be analyzed
at the initial stage. If this sample passes drinking water
standards or other applicable standards (i.e.. state ground
water standards), the issue of filtering is moot. Alterna-
tively, however, if the sampk fails the standards, then a
second analysis on the filtered split may be conducted to
determine which portions of the "violation" are attribu-
table to dissolved and exchangeable fractions. This analy-
sis will lead to a better understanding of the nature and
distribution of the components in the sample and restricts
the additional cost to conditions and circumstances where
they are technically justified and necessary.

In cases where precipitates form after the sample is
collected, the sample should be acidified (pH < 2.0),
which in almost all cases, will completely redissolve the
precipitate. The solution analysis will then correctly
reflect the original composition of the ground water.
Conclusions

Sampk filtration is not the correct solution for dete-
riorated, poorly developed or poorly constructed wells
that produce turbid sampks. Post-sampling precipitates
should be redissolved by acidification and not filtered. In
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the iimited number of legitimate cases where turbidity is
a problem, split samples should be collected and a filtered
sample should only be analyzed when there is a regulatory
or public'health reason to do so. We should not set up
simple "yes or no" mechanical procedures to address the
filtering of ground water samples. Documentation should
be equired of the actual procedures used under given
circumstances so that analytical results may be properly
interpreted. If we oversimplify complex circumstances
we will undoubtedly cause numerous errors.
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Discussion
From the Floor: If you Ve got a formation with more

than SO percent fines in it, we cannot install a turbid-
free well; therefore, can we filter?

Trela: In ail cases, no. I would want to look on a cafe-by-
case basis to determine the appropriateness of the
techniques that were used for construction, the type of
pack that was used, whether it was a geotech fabric or
anything else, reasonably based on the type of facility.
And what I mean by that is if you're dealing with a
major hazardous waste facility as opposed to a septic
tank, you might get different answers from me.

From the Floor So we are still looking at leaving the
filter in the ground; is that why we put a sand pack in?

Trel*: I think there is a generic problem with trying to
compensate for the errors that are produced when you
bring all these solids into your sample under conditions
of changing equilibrium. Short of doing a dissertation
on each sample. I doa\ know how you're going to do
that; so I think we really have^o depend on the well
driller's art and the practical application of solutions
to the problem and then only deal with those cases
that you have to. And when you have to deal with
them, I think, in-line filtration is better. You dont
want to have precipitation and exchange reactions
and everything else going on simultaneously.

From the Floor. We have gone to low rate pumping—
which is-.15 gallons per minute.

Trela: It consumes a lot of time though. So there are
advantages and disadvantages.

From the Floor I have two comments. The first one is, I
suspect there is a significant difference between
vacuum and pressure filtration, one being in-line and
quite a bit different in process than pressure filtration.
The other comment is that you usually dont have

wells that are consistent'in their construction; and
often, in order to make the data bases useful, you have
to use either on-site wells or wells that were constructed
at some previous time with special permission or spe-
cial construction techniques. The major problem is
consistency.'You have to use one technique; and my
guess would be that the best technique would be
in-line pressure filtration.

Burger That's one of the reasons that we have gone to
filtration; only because you have a variety of situations.
And to compare appks and apples, old wells, new
wells, wells that we really dont have control over, we
filter across the board. And obviously, there are prob-
lems associated with that, but 1 don't see how you get
around that except on a case-by-case, well-by-well
basis. There is a practical side depending on what
you Ye going to use the data for. I think it's important
to take a look at what the data is going to be used for
and exactly how exact that data needs to be.

Trtla: Well, 111 answer the question on consistency from
the regulatory perspective. Genetically, on well con-
struction in the regulatory programs'in New Jersey,
we have as-built certifications for monitoring weils. A
contractor has got to sign off legally, so that tends to
make people a little more careful about what they are
telling. We also have construction requirements in
regulatory documents. Guidelines on how the weils
are to be constructed in addition to performance
standards. And again, recognizing that that's not
achievable in all cases, but that's what we are shooting
for. That is a professional standard we are trying to
achieve. In addition to that, we have a certified labora-
tory program for ground water sample analysis. In
other words, anybody just caM analyze a sample and
turn it in to a regulatory agency in New Jersey. And we
also have licensed well drillers.



We are looking at the concept right now, of incorpo-
rating all samples. We currently have the requirement
that, at least for landfills, the samples must be collected
by a certified lab. There are no technical requirements
as to qualification, ability, or experience of the people
actually collecting ground water samples, and we are
looking at that question right now because, as I said,
we have seen a lot of people who try to get 50 gallons a
•nmute out of a 2-inch well; and it's obvious after
.- o u're there five minutes with them, they have no idea
what they are trying to do.

- rn the Floor: How can you rationalize taking ground
"dter ^amples and. comparing your data when you
ha\e absolutely no idea of how much solids are in the
sample and the solids give you a variability far beyond
anything else that you can even conceive? If the shoe
were on the other foot and I were the one standing up
there telling you that I wanted to sample and keep my
solids in it and you were sitting back here as a regula-
tor, you would not allow me to do that because the
variability in the samples would be beyond anything
that you could see; and yet, you're telling me that
that's what you want to do. I cant conceive in my own
mind from an analytical point of view how you can get
a large variable amount of solids between wells and in
the same well even if you sample one right after the
other and compare that data.

Trela: I think if that's happening, there are other kinds of
problems going on.

From the Floor: I don't care about the level or how much
problem there is. What I'm talking about is an analyti-
cal technique of comparing your data when you have
a variable in there that you're analyzing that you have
absolutely no control over and it's representative of
what you took out of the well.

Treia: What you're saying, the solution to the variable
that's uncontrollable is to filter it out so you don* have
to deal with it

From the Floor In some cases, h is.
Trela: The point is that peopk use the concept of filtering

the sample as an excuse for bad well construction.
That's a very common thing.

From the Floor: I'm not saying that.
Trefa: I wouldn't ask anyone to filter sampks or do dual

sampling or spend extra money where it wasn't rea-
sonably prudent to do so. Then is a hierarchy of
analysis.

From the Floor We argue about a well casing absorbing
miniscule amounts of material, and here we are talking
about solids here that are totally variable.

Trtia: I think*the point that you're not thinking about, at
least from my perspective, is that when you get this
sample out of the well, you have colloids in it and you
have solids. You're drawing a conclusion that every-
thing that's in the solid was in the solid when it was in
the ground and that everything that's in the solution
was in the solution when it was in ground. I think
that's just as incorrect as taking the other perspective
and saying dissolve everything and put it in solution.
What I have recommended here is that you do the

analysis, do the split sampling where ti's necessary.
From the Floor. Ill give you your precipitation and

oxidation. That goes without saying. That is good
chemistry. No problem there. What I'm talking about
are colloidal suspensions that are small but you can
see them; and I'm talking about the variability from
well to well. And if you take the total analysis, particu-
larly on your metals and run them, you're going to get
a variability in your data that's going to b« irreconcil-
able no matter what you do.

Trela: It may or may not be, depending upon the forma-
tion and how many metals are in there. Let's get rid of
a lot of other things.

From th« Floor. If you want to know about the soil. 111
give you a soil sample and the analysts; and 1 wont
argue about that.

Treia: What do you do with the water that's in the soil?
From the Floor: That's in your water sample.
Trela: That's the reciprocal situation. If I take a core out

and it's saturated and I ask for a soil analysis, what do
you do with the water?

From the Floor Either you filter it or you dry it.
Trela: Will I get the same answer whether or not you filter

it or dry it?
From the Floor Maybe not.
Treta: Probably not
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